Abstract
Introduction

54
Plants growing in the subarctic are adapted to fast growth owing to the relatively short growing season 55 in the region. The vegetation composition of subarctic ecosystems typically consists of sedges, 56 bryophytes and shrubs; the majority of the tree species in these ecosystems are dwarf or miniature 57 versions of the same species found in warmer climates -a coping mechanism for low nutrient 
94
In subarctic ecosystems, the sparse of plant distribution is characterized by relatively short vertical 95 distances between tree canopies and shrubs growing in the understorey. Two co-existing species in 96 the sub-arctic are the mountain birch tree, Betula pubescens ssp. czerepanovii (N. I. Orlova) Ahti (henceforth referred to as MB) and the shrub Rhododendron tomentosum Harmaja (henceforth 98 referred to as Rt) growing in the understorey. In northern Finland, MB trees are common and coexist
99
with Rt. MB trees are introgressive hybrids between the diploid (n = 28) dwarf (Betula nana L.) and 100 the tetraploid (n = 56) downy (Betula pubescens Ehrh.) birch (Vaarama & Valanne 1973; Kallio et 101 al. 1983; Haukioja 2003; Klemola et al. 2010) . MB leaves are located on either long or short shoots 102 (Macdonald & Mothersill 1983; Macdonald, Mothersill & Caesar 1984; Ruohomäki et al. 1997; 103 Biogeosciences Discuss., doi:10.5194/bg-2016 Discuss., doi:10.5194/bg- -464, 2016 Manuscript under review for journal Biogeosciences Published: 22 November 2016 c Author(s) 2016. CC-BY 3.0 License. Klemola et al. 2010) . Long shoots account for the growth of branches and thus canopy expansion, 104 whereas short shoots carry most of the photosynthesizing biomass of a tree individual (Maillette 1982; 105 Macdonald & Mothersill 1983; Macdonald, Mothersill & Caesar 1984) .
106
Rt is a small woody perennial evergreen shrub distributed throughout boreal ecosystems (Urcelay et 107 al. 2003; Himanen et al. 2010) . The plant species has a high volatile terpenoid content that gives it a 108 characteristic smell (Butkien et al. 2008) , some of these terpenoid compounds are the species- could therefore persist on leaf surfaces (Helmig et al. 2004) . The emission of these specific sticky 117 volatiles makes Rt an excellent species for studying how passive adsorption of volatiles might 118 contribute to AR or AS and neighbouring plant interactions (Himanen et al. 2010 shrubs, we found a number of other species growing in the understorey (Appendix A1).
146
Under 24 mountain birch trees, a 1m 2 quadrant was marked and a MB branch growing directly above 147 each quadrant was selected for VOC sample collection. The density of the Rt shoots growing in the 148 quadrant was used to place the trees into three different categories; low, medium and high density.
149
The low Rt density group had Rt coverage under the tree of 2-17% in the 1m 2 quadrant (n=8 
3.2.MOUNTAIN BIRCH (MB) SHOOT EMISSIONS
224
The total monoterpenoid emissions from MB trees was highest in the control group and then 225 decreased with increasing Rt density. The control (Mann-Whitney U = 4.0; P = 0.026) and moderate
226
Rt (Mann-Whitney U = 14, P = 0.04) groups differed significantly from the high Rt group (Table 2) .
227
There was a marginally significant decrease in the emission of -pinene from MB branches across 228 the three Rt groups. In between groups, trees growing above high Rt density had significantly lower
229
-pinene emission compared to the control group (Mann-Whitney U = 3.5, P = 0.037) ( Table 2) .
230
There was also a non-significant decreasing trend in sesquiterpene emissions from MB branches with
231
increasing Rt density, the lowest total sesquiterpene emission was from trees growing above high Rt 232 density (Table 2) .
233
There was a marginally significant reduction in total MB VOC emission across the three groups 234 (Table 2) , control group (Mann-Whitney U = 3, P = 0.015) had significantly higher total volatile 235 emissions compared to high Rt group (Table 2) . 
3.3.ADHERED COMPOUNDS ON MOUNTAIN BIRCH (MB) SHOOTS
237
The emission rates of -myrcene, the major monoterpene released by Rt increased across the MB tree 238 groups from control to high Rt quadrants (Table 2 ). There was higher emission of -myrcene from
239
MB trees in high and moderate Rt quadrants compared to control (Mann -Whitney U = 3.5, P = 240 0.015; and Mann-Whitney U = 18.5, P = 0.05 respectively) ( Table 2 ).
241
The other terpenoid compounds recovered from sampling the MB branches were sesquiterpenoid 242 compounds emitted characteristically by R. tomentosum (palustrol, ledol and aromadendrene). There 243 was increase in the palustrol recovery from MB trees across the three treatment groups (Table 2) .
244
Palustrol emissions from MB branches sampled from both moderate (Mann-Whitney U = 9, P = 245 0.01) and high density (Mann-Whitney U = 3, P = 0.015) Rt quadrants were significantly higher than 246 emissions from control trees ( Table 2) . tr e e s w a s r e c ov e r e d f r om f ol i a g e i n b oth m od e r a te a n d h i gh d e n si ty q u a d r a n ts a t r a te s b el ow 250 5ng/m 2 /h. (Table 2 ).
251
There was also an increase in total adhered emissions (TAE) (i.e. -myrcene, aromadendrene, ledol 252 and palustrol) across the three groups. The adhered emissions in MB branches in moderate Rt (Mann-
253
Whitney U = 11, P = 0.018) and high Rt (Mann-Whitney U = 3.5, P = 0.05) quadrants were higher 254 than those from the control group (Table 2) . 
3.4.R. TOMENTOSUM ABUNDANCE AND RECOVERY RATE OF ADHERED COMPOUNDS
256
The total MB VOC emission was negatively correlated (n = 24, b = -0.399, P = 0.007) with the 257 number of Rt shoots growing in the understorey (Fig. 1a) . 
TEMPERATURE AND RECOVERY RATE OF ADHERED COMPOUNDS
262
The relationship between the recovery of adhered compounds and temperature was tested only among 263 treatment groups -moderate and high Rt. The recovery of all adhered compounds except -myrcene 264 showed a negative correlation with temperature. The association of temperature with the recovery of 265 adhered compounds from MB leaves was strongest in ledol (n = 18, b = -0.598, P = 0.002) (Fig. 2a) .
266
Aromadendrene and palustrol showed negative correlation with temperature (n =18, b = -0.425, P = 18, b = -0.304, P = 0.081) (Fig. 2d) . with -myrcene recovery. (Table 3) . 
287
The dominating Rt monoterpene, -myrcene was also recovered in significantly higher amounts in 288 MB trees growing above high density Rt shoots compared to the control group in our study. Although,
289
-myrcene is among the monoterpenes synthesized and emitted in minor quantities by Betula spp. 
304
Generally, the deposition and rerelease of compounds on leaf surfaces is expected to be governed sesquiterpene alcohols in the adhered compound pool might be a crucial factor to explain the AS 366 effects of Rt in this study when compared to AR in earlier studies (Himanen et al. 2010 (Himanen et al. , 2015 .
367
Herbivore responses in plant associations have also been shown to vary among host species. In a 
379
Associational effects are therefore species-specific in action both in terms of herbivores and also host 380 plant species. A plant -neighbour association mediated by a known mechanism can possibly confer 381 AR and AS or have no effect at all based on the specific herbivore involved, the type of plants and 
.
400
The mean atmospheric temperature during the sampling period ranged between 5.2 -9.8°C night 
Conclusion
412
We demonstrate the phenomenon of adherence and rerelease of Rt volatiles from nearby mountain 413 birch foliage in a natural sub-arctic ecosystem. Furthermore, we were able to show a Rt density and 414 temperature effect on the adsorption and rerelease rate of these volatiles from neighbouring plants. 415 We also observed that the presence of Rt or it's volatiles may make MB trees subject to gall mite has a stronger impact on needle VOC emissions than enhanced ultraviolet-B radiation.
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VASCULAR PLANTS
Angiosperms
Rhododendron tomentosum Vaccinium vitis-idea Vaccinium myrtilus Empetrum nigrum Linnea borealis Vaccinium uliginosum
Club mosses (Lycopodiopsida) Lycopodium annotinum
BRYOPHYTES
Mosses
Pleurozium schreberi Hylocomium splendens
Lichens
Cladonia rangiferina Cladonia arbuscula Peltigera apthosa Cetraria nivalis
3.5 ± 0.4 0 ± 0 0 ± 0 105.7 ± 7 0 ± 0 30 ± 8.7 6.7 ± 2 35 ± 8.8 5.2 ± 3.1 2.5 ± 1.7 0 ± 0 65 ± 8.5 14.2 ± 9.3 1.2 ± 0.6 1 ± 0.5 2.2 ± 1.6 1.7 ± 1.7 4.1 ± 0.3 20.3 ± 2.6 0.2 ± 0.2 105.9 ± 5.4
14.1 ± 2 17.1 ± 3.1 4.8 ± 1.6 45.4 ± 7.1 4.0 ± 1.1 11.2 ± 2.9 0.1 ± 0.1 21.7 ± 4.9 31.4 ± 6.9
1.8 ± 1.2 0.6 ± 0.3 0.5 ± 0.4 0.9 ± 0.5 5.3 ± 0.17 85.8 ± 9.4 2.0 ± 0.9 100.2 ± 9.2 60 ± 5.3 20 ± 7.4 1.2 ± 0.8 18 ± 5.3 6.5 ± 3.1 0.7 ± 0.4 0 ± 0 22.5 ± 6.7 13.7 ± 3.1 0 ± 0 0 ± 0 0 ± 0 0 ± 0 4 a* In control plots, distance is measured from the base other shrubs growing in the understorey. 
